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Abstract— Intramolecular reductive amination of 4-keto diesters, derived from Z-Xaa-Yaa
dipeptides, and subsequent y-lactamization is a versatile method for the preparation of 3.6-
dioxoperhydropyrrolo[1,2-a]pyrazines bearing amino acid side chains at C-1, C-4 and C-7
posilions, as Xaa-Yaa-Zaa (Yaa = Gly) tripeptide mimetics.

The development of small organic molecules as non-peptide scaffolds carrying the pharmacophore amino
acid side chains in a conformation that mimic their orientation on the bioactive peptide is a current
approach to the search of peptidomimetics.’* Among the variety of heterocyclic templates which have
been successfully applied to this search, lactams have proved to be privileged structures.5-7 Based on
these considerations, and on the well known proposal of Ariéns and Farmer® about the possibility to
obtain high receptor binding affinity with three appropriately oriented pharmacophores, we focused our
attention on the 3,6-dioxoperhydropyrrolo[1,2-a]pyrazine system, as template that could theoretically
carry amino acid side chains in positions 1, 4, and 7. Our first goal was to devise a synthetic route for the
construction of the nitrogen bridged bis-lactam, which would allow the incorporation of substituents into
such positions, from easily available compounds. To this purpose, we planned the route indicated in
Scheme 1 involving the intramolecular reductive amination of the 4-keto diesters (1), derived from
suitable protected dipeptides, and subsequent y-lactamization as key steps. Following this route, we
recently described the preparation of 3,6-dioxoperhydropyrrolo[1,2-a]pyrazines (3) (R?=H) as Xaa-Gly-
Yaa mimetics from Z-Xaa-Gly-OH.? Our next goal was to know whether this synthetic approach is
versatile enough to give access to compounds (3) with an appended amino acid side chain at C-1 (R2zH).
To this aim, we have studied the extension of this route to the synthesis of Xaa-Yaa-Zaa (Yaa# Gly)
mimetics from Z-Xaa-Yaa-OH dipeptides.
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RESULTS AND DISCUSSION

The starting 4-keto diesters (7-9) were synthesized by alkylation of dimethyl malonate with the
halomethyl ketones (4-6), which were prepared from the corresponding Z-Xaa-Yaa-OH dipeptides
following a similar procedure to that previously reported for other dipeptide derivatives (Scheme 2).°
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Catalytic hydrogenation of the Z-Gly-Ala-OH derived 4-keto diester (7) provided the corresponding
perhydropyrrolopyrazines (13a) and (13b) (a/b: 3:1) in good yield (Scheme 2, Table 1). However, a
similar reaction of the Phe derivative (8) afforded the desired bicyclic lactams (14a) (15%) and (14b)
(5%) in low yield, while the partially unsaturated Al-8a-hexahydropyrrolopyrazine (15) was obtained as
the major product. The formation of compound (15) can be easily explained by generation of the imine
intermediate (11), imine-enamine tautomerism and subsequent y-lactamization. In fact, imine (11) was
isolated when the catalytic hydrogenation was stopped after disappearance of the starting 4-keto diester.

Concerning the stereochemical course of the catalytic hydrogenation involved in the construction of the
pytrolo[1,2-a}pyrazine skeleton in 13 and 14, it can be noted that it proceeds stereoselectively to provide
the 8aR diastereoisomers as the major compounds (Table 1), This result can be rationalized by the
hydrogenation of the imine intermediates in such a way that the hydrogen enters by the opposite side to
the R? substituent. The absolute configuration at Cg, was assigned by means of the Jj 2 and Ji,8a coupling
constant values, Thus, J 2 values of 0 Hz for the bicyclic lactams (13b) and (14b} indicated an  Hy-Cy-
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N2-H3 torsional angle of approximately 90° and, therefore, an axial disposition of the H) hydrogen.
However, values of J1 7 between 1.5 and 4.9 Hz, as for derivatives (13a) and (14a), are in agreement with
an equatorial disposition of this hydrogen. Finally, the J; 84 coupling constant values in the !H NMR
spectra of compounds (13a) and (14a) (J1 ga=3.4-4.0 Hz) allowed us to assign the R configuration at Cgy
for these compounds and the § configuration for 13b and 14b (J; g, ~9.5 Hz).

We previously reported that, in the case of the 1-unsubstituted 3,6-dioxoperhydropyrrolo[1,2-a]pyrazine
analogues, the reduction of the corresponding imine intermediates with NaBH3CN gave better yields and
higher diastereomeric excesses than those obtained by using catalytic hydrogenation.® Then, NaBH3CN
was employed for the reductive amination of the keto diester (8). As shown in Table 1, the yield of 14
was significantly improved but no stereoselectivity was found. A similar reaction starting from the keto
diester (%) provided a mixture of compounds (16a) (36%), (16b) (20%) and (16¢) {4%). In the case of
derivative (16c¢) it was possible to separate the two epimers at C-7 by chromatography. Traces of
(1R,4S.7R.5,8aR) diastereomes (=2%) were also detected in the |H NMR spectrum of the crude reaction
products. Attempts to use the catalytic hydrogenation reaction to the synthesis of 1,4-disubstituted
pyrrole[1,2-alpyrazines from Z-Ala-Phe derived 4-keto diester (9) led to complex reaction mixtures from
which only the 2-hydroxypyrazine (17) was isolated.!® This result seems to indicate that the imine
intermediate (£2), that was isolated and characterized after disappearance of the starting keto diester,
cannot be reduced under the used hydrogenation conditions, but evolves to different compounds,
including the aromatic derivative (17), probably via a imine-enamine tautomerism, and dehydrogenation
with palladium on carbon.
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Table 1. Results of the Preparation of 3,6-Dioxoperhydropyrrolo[1,2-a]pyrazines
from 4-Keto Diesters Derived from Z-Xaa-Yaa-OH

Dipeptide  4-Ketodiester  Reduction  Reaction Final Yieldd a/b Others
method  time{days)  Compds. (%) ratio?  (Yield, %)
Z-Gly-Ala-OH 7 Hy/Pd-C 2 13a+13b 70 31 -
'Z-Gly-Phe-OH 8 Hy/Pd-C 5 l4a+14b 20 31 15 (32)
Z-Gly-Phe-OH 8 NaBH3;CN 1 14a+14b 54 1:1 -
Z-Ala-Phe-OH 9 NaBH3;CN 1 16a+16b 36 1.8:1 16¢ (4)
Z-Ala-Phe-OH 9 Hy/Pd-C 5 17 (11

A Yield of isolated perhydropyrrolo[1,2-g]pyrazines, b Measured by HPLC from the crude reaction mixtures,

The abseclute configurations at Cj, C7 and Cgy in 16a, 16b and 16¢ were assigned by means of the
coupling constants values and NOE experiments. As previously indicated for compounds (13) and (14),
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the J1 8a value of approximately 3 Hz for 16a indicated a cis relationship between Hj and Hg, hydrogens,
while J1 g5 values of ~10 Hz in 16b agreed with a trans disposition of these hydrogens. Concerning NOE
experiments, isomers (16a) show a weak NOE between the protons of 1-CHz and 4-CHj groups
indicating that these substituents are located in the same face of the heterocyclic ring. On the other hand,
diastereomers (16b) show a NOE between the respective Hg, proton and the 4-CH3 group and, therefore,
the configuration at Cg, for these isomers was assigned as S. Diastereomers (16¢) showed J1 2 and J1 g4
values of 0 and 3 Hz respectively, and a marked shielding of the Hj, Hy and Hg, protons, consistent with
a cis fusion of the bicyclic ring.!! Moreover, these compounds show a weak NOE between Hg, protons
and the protons of the 4-CH3 group. All these data are in agreement with 1R,45,8aS or 15,4R,8aR
configuration in which the bicyclic ring adopts cis conformation in order to avoid the axial disposition of
substituents at positions 1 and 4, as it would be in a #rans-fused conformation. The isolation of enamine
derivatives, such as 15, and the described racemization in other related bicyclic systems, such as the 8-
amino-3-oxoindolizines,'? support that, in this case, the epimerization takes place at Cq position. This
epimerization could be due to an imine-enamine equilibrium favoured by the presence of substituents in
position o to the imine carbon. The percentage of epimerization at Cy was calculated to be 11%.

Finally, with compounds (2) (R2# H) in hand, we decided to verify the possibility of replacing the
C-terminal Gly residue in this Xaa-Yaa-Gly mimetics with other amino acid side chains. To this aim, we
studied the incorporation of the Phe side chain into position 7 of perhydropyrrolo[l,2-alpyrazine
derivatives with different configuration at C-8a as representative examples (Scheme 3).
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The alkylation of the 8aR derivatives (13a) and {14a) gave almost exclusively the 7R-benzyl derivatives
(18) and (19), respectively, while alkylation of the 8aS§ analogues (13b) and (14b) led to a mixture of the
two possible C7 epimers (20 + 22) and (21 + 23), in which the 75,8aS diastereomer was predominant in
both cases (Table 2). These results support a preferential attack of the alkyl halide from the opposite side
to the unshared lone pair on the lactam nitrogen.1? The differences in the stereoselectivity found for the
8aR and 8aS diastercomers could be explained in terms of the axial and equatorial disposition,
7respectively, of the substituent in position 1. The absolute configuration at C-7 of all the 7-benzyl
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derivatives was established by comparison of their Hg, chemical shifts with those of the Hg, protons in
the corresponding nonbenzylated analogues, as previously reported for related compounds.?

Table 2. Results of the Alkylation of Compounds (13) and (14) with Benzyl Bromide.

Starting Final ) Yield 7R.8aR/715,.8aR 1R, 8a5/758a8
Compd Compd (%) Ratio? Ratio?
13a 18 57 1:00 -
13b 20422 56 - 1:3.5
14a 19 52 1:0b
14b 21+23 34 1:3

& Estimated by IH NMR. b Traces of (75,8aR) diastereomers were detected in the 1H NMR spectra.

In summary we have now demonstrated that the reductive amination of 4-keto diesters derived from
dipeptides is a flexible method for the preparation of the 3,6-dioxoperhydropyrrolo[1,2-a]pyrazine
scaffold with some amino acid side chains at C-1, C-4 and C-7 positions in different spatial arrangements.
The use of NaBH3CN as reducing agent shortens the reaction time, improves the total yield and confers
more generality to the method, specially in the case of derivatives substituted at the C-1 position.

EXPERIMENTAL PROCEDURES

1H NMR spectra were recorded with a Varian EM 390, a Varian Gemini 200 or a Varian XL-300
spectrometer operating at 90, 200 or 300 MHz, respectively, using TMS as internal standard. 13C NMR
spectra were registered on a Varian Gemnini 200 (50 MHz). UV absorption spectra were taken with a
Perkin-Elmer 550 SE spectrophotometer using EtOH as sample solvent. Melting points were measured
with a Kofler hot-stage apparatus and are uncorrected. Elemental analyses were obtained on a CHN-O-
RAPID instrument. Analytical TLC was performed on aluminium sheets coated with a 0.2 mm layer of
silica gel 60 F254 (Merck). Silica gel 60 (230-400 mesh, Merck) was used for column chromatography.
Z-protected dipeptides were purchased from Bachem

Synthesis of chloromethyl ketones derived from Z-Xaa-Yaa-OH dipeptides

General Procedure. To a solution of the Z-Xaa-Gly-OH dipeptide (18 mmol) in dry THF (40 mL) were
successively added, at -20°C, N-methylmorpholine (2.3 mL, 21 mmol) and isobutyl chloroformate
(2.7 mL, 21 mmol). After stirring for 15 min at -20°C, an ethereal solution of diazomethane (from N-
nitroso-N-methylurea, 6 g) was added. After 30 min of reaction, a solution of 2N HCl/MeOH (15 mL, 30
mmol) was added and the stirring continued until N7 evolution ceased. The solution was neutralized with
EtaN and the solvents were evaporated. The resulting residuc was dissolved in EtOAc (150 mL), washed
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with H20 and the organic layer was dried over Na2504. Evaporation.and precipitation from Et20 or
purification on a silica gel column, using the solvent system specified in each case, afforded the following
compounds:

Z-Gly-Ala-CH;-Cl (4). Yield 68%, foam. Chromatographic solvent system: EtOAc/Hexane (1:1). H
NMR (90 MHz, CDCl3): & 1.4 (d, J= 6.0 Hz, 3H, §-CH3 Ala), 3.9 (m, 2H, a-CH2 Gly), 4.2 (s, 2H,
CH»,Cl), 4.8 (1, J= 6.0 Hz, 1H, a-CH Ala), 5.1 (s, 2H, CH» Z), 5.7 {m, 1H, a-NH Gly), 6.9 (d, J=7.5 Hz,
1H, a-NH Aia), 7.2-7.3 (m, 5H, CgHs5 Z). Anal. Calcd for C14H17N204Cl: C 53.57, H 5.48, N 8.96, Cl
11.34. Found: C 53.51, H 5.69, N 9.03, C1 11.09,

Z-Gly-Phe-CH3-Cl (5). Yield 67%. Precipitated with EtoO. White solid, mp 95-97°C (Et20). 'H NMR
(90 MHz, CDCl3): 6 3.1 (m, 2H, B-CH» Phe), 3.6 (m, 2H, a-CH3 Gly), 3.9 (s, 2H, CH»Cl), 4.9 (m, 3H,
o-CH Phe, CH3 Z), 5.4 (m, 1H, o-NH Gly), 6.7 (d, J= 7.2 Hz, 1H, «-NH Phe), 6.9-7.2 (m, 10H, CgHj
Ph, Z). Anal. Calcd for CopHpiN204Cl: C 61.78, H 5.44, N 7.20, C1 9.12. Found: C 61.58, H 5.53, N
7.05,C19.14.

Z-Ala-Phe-CH2-Cl (6). Yield 51%. Precipitated with EtrpQ. White solid, mp 128-130°C (Et20). 1§31
NMR (90 MHz, CDCl3): 3 1.2 (d, J= 7.8 Hz, 3H, B-CHz Ala), 3.0 (m, 2H, B-CH>» Phe), 4.0 (s, 2H,
CH>CD, 4.2 (m, 1H, «-CH Ala), 4.8 (m, 1H, a-CH Phe), 5.0 (s, 2H, CHz Z), 5.2 (d, J= 8.2 Hz, 1H,
o-NH Ala), 6.8 (d, J= 7.8 Hz, IH, a-NH Phe), 7.0-7.3 (m, 10H, CsHs Ph, Z). Anal. Calcd for
C21H23N204Cl: C 62.61, H 5.75, N 6.95, C1 8.80,. Found: C 62.67, H 5.67, N 6.91, C1 8.55.

Synthesis of 4-keto diesters derived from Z-Xaa-Yaa-OH dipeptides.

General Procedure. A mixture of the corresponding chloromethyl ketone (9 mmol) and sodium iodide
(1.35 g, 9 mmol) in THF (30 mL) was stirred at rt for 10 min and then added to a solution of freshly
prepared mono sodium salt of dimethyl malonate (1.54 g, 10 mmol) in THF (20 mL). Stirring was
continued for 3-15 h, the solvent was removed and the re&due was extracted with EtOAc (100 mL) and
washed with HpO (75 mL). The organic layer was dried (NazSO4) and evaporated leaving a residue
which was purified on a silica gel column using a gradient from 25 to 50% of EtOAc in hexane.

Methyl 5(S)-[(N-benzyloxycarbonyl)glycyllamino-2-methoxycarbonyl-4-oxohexanoate (7). Yield
59%, foam. |H NMR (90 MHz, CDCl3): & 1.3 (d, J= 6.7, 3H, H-6), 3.0 (dd, J="7.5 and 3.0 Hz, 2H, H-3),
3.6 (s, 6H, CO2CH3), 3.8 (m, 2H, a-CHz Gly}, 4.0 (m, 1H, H-2), 4.5 (m, 1H, H-5), 5.0 (s, 2H, CH2 Z),
5.4 (m, 1H, o-NH Gly), 6.8 (d, J= 8.0 Hz, 1H, 5-NH), 7.1-7.3 (m, 5H, CgHs Z). Anal. Calcd for
C19H24N720g: C 55.88, H 5.92, N 6.86. Found: C 55.61, H 5.75, N 7.01.

Methyl 5(S)-[(N-benzyloxycarbonyl)glycyl]Jamino-2-methoxycarbonyl-6-phenyl-4-oxohexanoate (8).
Yield 77%, syrup. 1H NMR (90 MHz, CDCl3): 8 2.8 (m, 4H, H-3, H-6), 3.5 (s, 6H, CO2CH3), 3.6 (m,
2H, o-CHz Gly), 3.8 (m, 1H, H-2), 4.7 (m, 1H, H-5), 4.9 (s, 2H, CH3 Z), 5.3 (m, 1H, a-NH Gly), 6.6 (d,
J= 6.9 Hz, 1H, 5-NH), 6.9-7.2 {m, 10H, CgHs Ph, Z). Anal. Calcd for C2sHgN20g: C 61.97, H 5.82, N
5.78. Found: C 62.15, H 6.01, N 5.66.

Methyl S(S) [(N-benzyloxycarbonyl)Lalanyllamino-2-methoxycarbonyl-6-phenyl- 4 oxohexanoate
(9). Yield: 72%, white solid, mp 98-100°C (EtOAc-hexane). 1H NMR (90 MHz, CDCl3): & 1.2 d,J=175
Hz, 3H, CHz Ala), 3.0 (m, 4H, 3-H, 6-H), 3.7 (s, 6H, C0O2CH3), 3.9 (m, 1H, 2-H), 4.1 (q. J=7.5 Hz, 1H,
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o-Ala), 4.8 (m, 1H, 5-H), 5.0 (s, 2H, CHz-Z), 5.1 (m, 1H, 5-H), 6.6 (d, J= 7.8 Hz, 1H, 5-NH), 7.0-7.3
(m, 10H, CgHs Z, Ph). Anal. Caled for C26H3pN205: C 62.64, H 6.06, N 5.62. Found: C 62.35, H 5.94,
N 5.36.

Reductive amination of 4-keto diesters derived from dipeptides

Method A. A solution of the corresponding 4-keto diester (5 mmol) in MeOH (100 mlL) was
hydrogenated at 40°C and 40 psi of pressure for 2-5 days (Table 1), using 10 % Pd-C (0.4 g) as catalyst.
After filtration of the catalyst, the solvent was evaporated and the resulting residue was purified on a
silica gel column as specified.

Method B. A solution of the corresponding 4-keto diester (5 mmol) in MeOH (100 mL) was
hydrogenated overnight at rt and 40 psi of pressure in the presence of 10% Pd-C (0.4 g). The catalyst was
filtered and ZnClp (0.34 g, 2.5 mmel) and NaBH3CN (0.94 g, 15 mmol) were added to the filtrate. After
stirring overnight at rt, the solvent was evaporated to dryness. The residue was extracted with EtOAc
(150 mL), and washed successively with 1N HCI, sat. NaHCO3 and H20. The organic layer was dried
over Na2504 and, after evaporation of the solvent, the residue was purified as specified.
7-Methoxycarbonyl-1-methyl-3,6-dioxoperhydropyrrolo[1,2-alpyrazine (13). Chromatographic
solvent system: CHaCly/MeOH (98:2). Isomers (18, 7RS, 8aR): 13a: Yield 52%, foam (From 7, Method
A). Anal. Caled for CjgH14N204: C 53.09, H 6.24, N 12.38. Found: C 52.78, H 6.61, N 12.53. Isomers
(15, 7RS, 8aS): 13b: Yield 18%, foam (From 7, Method A). Anal. Caled for CioH 14N204: C 53.09,
H 6.24, N 12.38. Found: C 52.91, H6.37, N 12,43,
1-Benzyl-7-methoxycarbonyl-3,6-dioxoperhydropyrrolo[1,2-alpyrazine (14). Chromatographic
solvent system: Gradient from [ to 4% of MeOH in CH9Cly, Isomers (15, 7RS, 8aR): 14a: Yield 15%,
foam (From 8, Methad A) and 27% (From 8, Method B). Anal. Caled for CigH1gN204: C 63.56,
H 6.00, N 9.26. Found: C 63.61, H 6.12, N 9.07. Isomers (15, 7RS, 8aS): 14b: Yield 5%, foam (From 8,
Method A) and 27% (From 8, Method B). Anal. Calcd for C1gH 1gN204: C 63.56, H 6.00, N 9.26.
Found: C 63.72, H 5.86, N 9.01.
1-Benzyl-7(R,S)-methoxycarbonyl-3,6-dioxo-Al82.-hexahydropyrrolo[1,2-alpyrazine (15). This
compound (32%) is obtained from 8 using method A, along with isomers (I4a) and (14b). Slightly
yellow solid, mp 180-182°C (EtOAc-hexane). IH NMR (300 MHz, CDCl3): § 3.02 (dd, J=16.1, 10.1 Hz,
1H, H-8), 3.24 ( dd, J=16.1, 5.9 Hz, 1H, H-8), 3.45 (m, 2H, H-4), 3.71 (dd, J=10.1, 5.9 Hz, 1H, H-7),
3.83 (s, 3H, CO2Me), 4.21 (s, 2H, 1-CH2), 7.15 (s, 1H, H-2), 7.20-7.38 (m 5H, Ph). 13C NMR (50 MHz,
CDCl3): 6 24.63 (C-8), 33.05 (1-CHp), 44.13 (C-4), 47.31 (C-7), 52.62 (OMe), 110.66 and 114.91 (C-1y
C-8a), 126.59, 128.57, 128.73 and 138.26 (Ph), 162.85, 168.37 and 169.91 (CO). Anal. Calcd for
Ci16H16N204: C63.99, H 5.37, N 9.33. Found: C 63.71, H 5.49, N 9.12.
1-Benzyl-7-methoxycarbonyl-4-methyl-3,6-dioxoperhydropyrrolo[1,2-a Ipyrazines (16).
Chromatographic solvent system: gradient from 17 to 67% of acetone in hexane. Isomers (1S5, 45, 7RS,
8aR): 16a: Yield 36%, foam (from 9, Method B). Anal. Calcd for C17HpgN204: C 64.54, H 6.37, N 8.85
Found: C 64.61, H 6.19, N 8.93. Isomers (15, 45, 7RS, 8aS): 16b: Yield 20%, syrup (from 9, Method B).
Anal. Calcd for C17H0N204: C 64.54, H 6.37, N 8.85 Found: C 64.18, H 6.61, N 8.58. Isomers (1R, 45,



1730 HETEROCYCLES, Vol. 45, No. 9, 1997

7TRS, 8a8): 16¢: Yield 4%, foam (from 9, Method B). Anal. Calcd for Cy7HygN204: C 64.54, H 6.37,
N 8.85 Found: C 64.23, H 6.02, N 8.52. :
6-Benzyl-5-[(2,2-dimethoxycarbonyl)ethyl]-2-hydroxy-3-methylpyrazine (17). Chromatographic
solvent system: CH»Clo/MeOH (40:1) . Yield 11%, syrup (From 9, Method A). !H NMR (300 MHz,
CDCl3): 6 2.35 (s, 3H, 3-CHz), 3.19 (d, J=7.4 Hz, 2H, CH;-CH), 3.74 (s, 6H, CO2CH3), 3.96 (s, 2H,
6-CH3), 4.04 (t, J=7.4 Hz, 1H, CHy-CH), 7.14-7.37 (m, 5H, Ph). UV A (nm): 328 (8814), 229 (10942).
Anal. Caled for C1gHpoN2Os: C 62.78, H 5.85, N 8,13, Found: C 62.70, H 5.71, N 8.24,

Isolation of imine intermediates

Imine intermediates were isolated, after filtration of the catalyst and evaporation of the solvent, when the
corresponding hydrogenation reaction was stopped after 4 h.
6(S)-Benzyl-5-[2,2-dimethoxycarbonyl)ethyl}-2-oxe-1,2,3,6-tetrahydropyrazine (11). From 8.
{H NMR (300 MHz, CDCl3): & 2.87 (dd, J=13.4, 7.0 Hz, 1H, 6-CHj3), 2.94 (ddd, J=15.8, 7.2, 2.2 Hz, 1H,
CH>.CH), 3.10 (ddd, J=15.8, 7.0, 3.6 Hz, 1H, CH»_.CH), 3.18 (dd, J=13.4, 4.0 Hz, 1H, 6-CHp), 3.30 (m,
1H, 3-H), 3.75 (s, 3H, CO2CH3), 3.78 (s, 3H, CO2CH3), 4.01 (m, 1H, 3-H), 4.03 (t, J=7.0 Hz, 1H, CHy-
CH), 4.23 (ddd, J=7.0, 4.0, 2.3 Hz, 1H, 6-H), 6.56 (br s, 1H, 1-H), 7.12-7.35 (m, 5H, Ph). 13C NMR (50
MHz, CDCl3): & 34.66 (CH>.CH), 40.16 (6-CH3), 47.82 (CH2-CH), 52.03 (C-3), 52.81 (OMe), 57.70
(C-6), 127.54, 128.92, 129.70 and 134.68 (Ph), 163.82 (C-5), 168.36, 168.60 and 169.55 (CO).
6(S)-Benzyl-5-[2,2-dimethoxycarbonyl)ethyl]-3(S)-methyl-2-0x0-1,2,3,6-tetrahydropyrazine (12).
From 9. 1H NMR (300 MHz, CDCl3): & 1.08 (d, J=7.3 Hz, 3H, 3-CHj3), 2.78 (dd, J=13.9, 8.6 Hz, 1H,
6-CHo), 2.92 (ddd, J=17.1, 6.9, 1.6 Hz, 1H,CH>.CH), 3.18 (m, 1H, CH>-CH), 3.25 (dd, J=13.9, 3.8 Hz,
1H, 6-CH3), 3.76 (s, 6H, CO2CHz), 4.07 (m, 2H, 3-H and CH7-CH), 4.20 (m, 1H, 6-H), 6.20 (s, 1H,
1-H), 7.12-7.37 (m, 5H, Ph). 13C NMR (50 MHz, CDCl3): 8 19.5 (3-CH3), 34.3 (CH2-CH), 40.7
{6-CH3), 48.0 (CH>-CH), 52.7 (OMe), 56.4 and 57.8 (C-6 and C-3), 127.4, 128.8, 129.7 and 135.1 (Ph),
161.6 (C-5), 169.5 and 171.4 (CO).

Synthesis of I1-substituted 7—benzyl-7-methoxycarbonyl-3,6-dioxoperhydfopyna[o[] ,2-ajpyrazines.

A solution of the corresponding 1,7-disubstituted pyrrolopyrazine (0.36 mmol) in THF (8 mL) was
treated under Ar atmosphere, with freshly prepared NaOMe (3.03 g, 0.54 mmoi). After being stirred for 5
min, benzyl bromide (0.07 mL, 0.65 mmol) was added. The mixture was stirred overnight and then
evaporated. The residue was extracted with EtOAc and washed with H20 and brine, dried (Na2804) and
evaporated to dryness. Compounds were purified on a silica gel column using the solvent system
specified in each case.
7-Benzyl-1-methyl-7-methoxycarbonyl-3,6-dioxoperhydropyrrolo[1,2-a]pyrazines. Chromatographic
solvent system: gradient from 1 to 3% of MeOH in CH2Cla. Isomer (15, 7R, 8aR) 18. Yield 57%, foam
(From 13a). Anal. Calcd for C17H2gN204: C 64.54, H 6.37, N 8.85. Found: C 64.82, H 6.22, N 9,13.
Isomers (18, 7RS, 8aS) 20+22. Yield 56%, foam (20/22= 1:3.5, from 13b). Anal. Calcd for C17HygN204:
C 64.54, H 6.37, N 8.85. Found: C 64.63, H 6.69, N 8.54.
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1,7-Dibenzyl-7-methoxycarbonyl-3,6-dioxoperhydropyrrolo[1,2-alpyrazines.

Ca3H24N204: C 70.39, H6.16, N 7.14. Found: C 70.25, H 6.49, N 6.97.
1H NMR data of these compounds are recorder in Table 3.

Chromatographic
solvent system: gradient from 2 to 5% of MeOH in CH2Cly. Isomer (1S, 7R, 8aR) 19 Yield 52%, foam
(from 14a). Anal. Caled for C23Ho4N204: € 70.39, H 6.16, N 7.14. Found: C 70.17, H 6.58, N 6.82.
Isomers (15, 7R, 8aS) and (1S5, 78, 8aS) 21423 Yield 34%, syrup (from 14b) Anal. Calcd for

Table 3. Significant lH NMR Data of Di- and Trisubstituted Perhydropyrrolo[1,2-a]pyrazines
(300 MHz, CDCl3).

Compd &ppm) J12 T1ga
H-1 H-2 H-4 H-7 H-8 H8a  (Hz) (Hz)

13a 3.63 748 378 444 356 2.08 2.67 4.18 1.5 3.6
755 379 431 6.63 233 245 402 34 35

13b 325 719 367 436 349 190 262 349 0 95
349 7.09 332 213 246 0 -

14a 358 632 374 441 358 222 271 426 49 438
6.39 4.23 2.50 4.09 4.1 -

14b 3.57 596 384 450 371 202 271 371 0 96
371 5.92 3.83 357 235 2.54 0 -

16a 3.65 6.18 418 3.54 4.02 37 34
| 3.65 6.17 4.19 357 218 250 433 49 3.1
16b 347 574 4.53 360 203 266 379 0 98
372 5.70 453 360 232 251  3.60 0 106

16¢c (7Ry 3.93 577 4.99 337 208 2.50 5.02 0 -
16c (75) 4.39 5.79 4.86 343 4,72 0 -
18 327 597 416 335 - 235 227 260 - -
202 220 6.50 428  3.65 - 255 1.60 3.25 - -
224 323 650 428 331 - 228 220 212 - -
19 332 600 419 337 - 2.70 - -
210 225 563 431 368 - 255 175 340 - -
23b 335 578 430 3.27 - 2.25 - -

a From the 20+22 mixture. ® From the 21423 mixture
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